Summary
To identify the factors related to dehydration from diarrhoea, a hospital-based case-control study was carried out among under-2-year-old Bangladeshi children. The study compared 80 cases who had 'some' or severe dehydration with 160 age-matched controls who had 'no signs' of dehydration. All the cases and controls were examined and the mothers were interviewed in the hospital and followed at home on the 14th day of illness. Thirty-eight factors were studied for their probable influence on the development of dehydration. In bivariate analysis, 17 factors were found to be associated significantly with the development of dehydration and were treated with stepwise logistic regression analysis. A combination of vomiting, oral rehydration therapy at home, mother's dirty finger nails, and residing more than 3 km away from the hospital provided the maximum sensitivity (77.5 per cent) and specificity (91.2 per cent) for predicting development of dehydration. These prognostic factors would be helpful for community health workers to identify children at risk of developing diarrhoea-associated dehydration, and preventive strategies could be designed to alter the prognostic factors.
The status of dehydration (no sign of dehydration, some and severe dehydration) was assessed as per the WHO recommended criteria and a child was considered to have received ORT, if ORS and recommended home fluids were taken at home. 13 All the cases were admitted to the pediatric ward and the controls were sent back home after treatment at the ORT Corner.
After enrollment, each child was examined and their mother was interviewed using a pretested semistructured questionnaire. The weight after rehydration was recorded for nutritional status. The cases and controls were followed at home on the 14th day of illness. At home the interviewer checked the progress of recovery and direct observation was made about the hygienic practices, type of housing, source of water and type of latrine. The home interviewer was not made aware of information collected at hospital.
Data was processed using EPI INFO-6 and SPSS/PC statistical package. The odds ratio (OR) was calculated, and the stepwise logistic regression analysis was performed to identify the factors associated with the development of dehydration. Sensitivity and specificity were the key measures to decide the best fitted model.
Results
The age was the matching character of cases and controls and no significant difference was found.
Amongst the cases, 20 (25.0 per cent) had severe dehydration and the rest 60 (75.0 per cent) had some dehydration on admission. Seventy-one (89.0 per cent) cases and 155 (97.0 per cent) controls were cured from diarrhoea at follow-up and the rest 9 (11.0 per cent) cases and 5 (3.0 per cent) controls developed persistent diarrhoea. The cases were at higher risk of developing persistent diarrhoea (OR, 3.93; 95 per cent CI, 1.15-14.06; p < 0.01). The episode duration was 8.01 ± 2.30 days; for cases and controls duration was 9.63 ± 1.94 and 7.27 ± 2.07 days, respectively, and the difference was significant (p < 0.001). Table 1 shows the sociodemographic characteristics of children of cases and controls. The characters associated significantly with the development of dehydration were education, occupation and socioeconomic condition of parents, and child death in the family (p < 0.05 -0.01).
The clinical profile of cases and controls are shown in Table 2 . The diarrhoeal duration on the day of attendance at hospital, frequency of stool per day, vomiting by the child, ORT and drugs at home and nutritional status were found to be associated significantly with dehydration (p < 0.05 -0.01). The mean stool frequency per day was 21.53 ± 8.36 for cases and 8.43 ± 2.75 for controls (p < 0.001). ORT at home was received by 96.2 per cent of cases, which includes all of the severely dehydrated and 95.0 per cent of some dehydrated, in contrast to 70.6 per cent of controls. The quantity of oral rehydration fluid (ORF) intake differed significantly between cases Table 3 that the environmental factors that have a significant difference between cases and controls are: distance from hospital; type of house; dirty fingernails of mothers and children; owning no refrigerator; and practice of eating unsafe leftover foods.
A total of 17 factors were found to be associated significantly with the development of dehydration. The OR and the 95 per cent CI were calculated. These 17 factors were analysed with step-wise logistic regression model and the last step is shown in Table 4 . A combination of vomiting by the child, ORT at home, mothers' dirty fingernails, and residence more than 3 km from the hospital was found to be the best-fit model and provided the maximum sensitivity (77.5 per cent) and specificity (91.2 per cent) for predicting the development of dehydration from diarrhoea. The ␤-coefficients indicated that the most significant factor influencing dehydration was vomiting.
Discussion
Dehydration is a major cause of hospital admission and death due to diarrhoea in young children. The main results of the study are shown in Table 4 . This model has a sensitivity of 77.5 per cent and a specificity of 91.2 per cent for the prediction of development of dehydration in children with diarrhoea. The presence of vomiting in a child before attendance puts a child at 58 times higher risk of developing dehydration. Many mothers stopped the use of oral fluid completely when patients vomited, 14 despite the fact that vomiting does not prevent successful ORT.
ORT is the keystone of management of acute diarrhoea for the prevention and treatment of dehydration. 15 It is simple, highly effective, inexpensive and technologically appropriate. 15, 16 In this study it was found that all of the severely dehydrated cases, 95.0 per cent of the some dehydrated cases, and 70.6 per cent of controls (no signs of dehydration) practised ORT at home, indicating that the practice of ORT was influenced by the severity of dehydration. An intake of about 1400 ml/day of ORF was recorded for the cases. None of these practices could prevent the development of dehydration but rather put the cases at increased risk. To make ORT effective it needs to be appropriate for the cases; the method of giving, the preparation of the solution, and the quantity has to be correct. ORT is inappropriate in cases with severe dehydration, persistent vomiting and high purging. 13 The study findings supported the reasons for ineffective ORT as 25.0, 96.4 and 97.5 per cent of cases had severe dehydration, vomiting and high frequency of stool, respectively. Ahmed, et al. 11 found that vomiting and incorrect method of giving ORT limited the intake of oral fluids. They also reported that incorrect preparation of ORS solution increased significantly the refusals by the child, thereby limiting the intake, which is also an additional reason of ineffective ORT amongst the cases. 17 The significantly higher intake of ORF can also be explained by the severity of the cases which might stimulate the mothers to give more fluids. This does not mean that the child received the required amount as the mothers might be ignorant about the quantity of fluids required for rehydration. 11 The amount received seemed to be inadequate. All these indicated the mothers' poor case management knowledge, which eventually puts the child at higher risk for the development of dehydration, in spite of practising ORT. There is also a suggestion that the mothers were not properly instructed by health personnel about ORT.
All patients in our study were young children being cared for by their mothers. The role of the mother in influencing the severity of the diarrhoeal episode is indicated by the association between dirty fingernails of the mother and the presence of severe or moderate dehydration. Studies have shown that enteric infections can spread via contaminated hands and fingertips 18, 19 and the risk of spreading enteric pathogen to young children from the hands of the attendants who care for them is stressed repeatedly. 18, 20, 21 The dirty fingernails of children and the serving of unsafe leftover foods also reflected poor maternal hygienic practices.
The children were found to be at four times higher risk of developing dehydration when any drug was received. In fact drugs prolonged the duration of diarrhoea 22 and put the child at risk again of developing dehydration. Several investigators had reported that non-breastfed infants were at more risk of developing severe diarrhoea [23] [24] [25] [26] and the lack of association in this study might be due to universal breastfeeding practices among cases and controls.
Predictors, such as vomiting, ORT, mother's dirty fingernails, and residence of the child away from the hospital will be helpful in identifying the children at risk of developing dehydration and could be used by the community health workers. The promotion of effective ORT practice, which includes preparation of ORT fluids, method of feeding fluids, amount to be fed and how to continue it during vomiting, as well as hygienic practices of hand washing by mothers through health education, could reduce the incidence of and prevent dehydration from diarrhoea.
